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Introduction and Terminologies

B Lixue %% or “The Study of Liz” in ancient Chinaan is an interdisciplinary research
in art and science, which can roughly be translated as “the study of musical pitch and
tuning systems” or “the study of tuning and teperament.” Lz means musical pitch

mSome of the key terminologies in thie presentation:

: second
3:2 w?ond _

f minor third
6:5 minar third
5.4 major third
4:3 fourth

3:2 fifth (second overtone, third partial)
[]
1 octave {first overtone, second partial)

'e‘ generating tone |fundamental, first partial}



(D Ancient Chinese understanding of musical pitches(/i i
and Pythagoreansim

M It is well-known in the West that Pythagoras was the first
person who discovered the mathematical nature of musical
intervals.

B Pythagoreanism's most fundamental tenets include: numbers
are constituent elements of reality, and numbers and their ratios
provide the key to explaining the order of nature and the
universe.




(O Ancient Chinese understanding of musical pitches(/# 1}})
and Pythagoreansim
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Pythagorean Tetractys

It is an arrangement of points in the shape of a triangle and represents the first four

natural numbers, whose sum is 10 (1+2+3+4=10).



(D Ancient Chinese understanding of musical pitches(ld flt)
and Pythagoreansim

® In ancient China, one octave was divided into twelve pitches between half step for each,
known as the twelve /.

® Liishi chungiu 1= IRFEFK ("Spring and Autumn Annals of Lii Buwei," 239 BCE) records
the storey of Ling Lun & ff creating the 47 and made the Gong = (do) of huangzhong #
## (C) its standard pitchin around 2,000 BCE. Although the archaeological discoveries
prove the story would be somewhat exaggerated, the legend shows that the ancients
Chinese had already realized that musical pitch could be preserved by pitch pipes.

® The term of huangzhong ( “yellow bell” ) in China was the name of the standard pitch,
which is equivalent to today’ s the “International standard pitch,” in which the A
above “middle” C is tuned to 440 Hz.




(D Ancient Chinese understanding of musical pitches(l/d 1I¥)
and Pythagoreansim

1. huangzhong ¥ $# (c), The earliest record of these names is found
2. dalii K7 (cH#), in the Zhouyu J& % section of the Guoyu
3. taicu Kf& (d), &5 (‘Chronicles of the States'), which was
4. jiazhong g (d#), completed in the fifth century BCE.

5. guxian &5t (e),

6. zhonglii ff' 5 (e#),

7. ruibin $EE (f4) In 1978, a set of bianzhong #m % (bell set)
8. linzhong M (g), was excavated in which the central part of
9. yize FH (g#), the range, were divided into twelve

10. nanlii ¥ 2 (), semitones, which proves that the twelve /i
11. wuyi 5} (a#), recorded in Guoyu had in fact, already

12. yingzhong JE$# (b). entered the musical practice of that period.
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(D Ancient Chinese understanding of musical pitches(/d {f)
74 and Pythagoreansim

The study of musical pitch and tuning systems was always
considered related to mathematics, the astronomical calendar,
meteorology, philosophy of yin-yang and the five elements, and
even political matters in ancient China. Shangshu =&

5 (“Esteemed Documents,” 1000 BCE) mentions “harmonizing time
by adopting the right calendar, unifying the measurement of length,
volume, and weight with the same musical pitch.”(“iZaBFH1EH,
EfREEE).




(1) Ancient Chinese understanding of musical pitches(/# 1)
and Pythagoreansim

When Wang Mang (E£ZF) usurped the imperial throne and established the short-lived Xin dynasty
(#fr, 9-23 CE), he used sound as the foundation for imperial metrological standardization as part of
his declaration of power. The ability to control sound was considered to reflect his ability to
synchronize heaven and earth, the cosmic and the human. His authority and ruling legitimacy was

considered rested in a single pitch pipe that produced the cardinal tone in the traditional musical
system.



@ Sanfen Sunyi —/r48#i (one-third reduction and addition)
and hwangzhong huanynan ¥ 8% i (Huangzhong Returns to
Its Original Pitch)

Regarding how /i were produced, the earliest are found in
Guanzi & f-by Guan Zhong & 14 (ca. 645 BCE) of the Spring
and Autumn Period, which explains how to produce lii by using

the so-called “one-third reduction and addition” method.




(2 Sanfen Sunyi —4r{Hai (one-third reduction and addition)
and huangzhong huanyuan vi$iijd )i (Huangzhong Returns to
Its Original Pitch)

The method of “sanfen sunyi”

one L ——r———

1x8xSxIxISMF=8=F " (gong) 3'=81 (gong, do)
®E C— : - ) (“one-third addition) 81X 4/3-108 (zhi, sol)
Q43uy  S4M=18afl (zhi) oneTEacaion %0
L . . — (“one-third reduction”) 108X2/3=72 (shang, re)
108+3=3, 108-36«72«% (shang)
wn . . e — (“one-third addition ) 72x4/3=96 (yu,la)
_ 3=, 24+24=08=1 (yu)
(OF B S— I ) ; (“one-third reduction” 96X2/3=64 (jue, mi)

904+3=182, W=32nbi=h Gue)




@ Sanfen Sunyi —4r#H 41 (one-third reduction and addition)
and huangzhong huanyuan ¥i$iis )i (Huangzhong Returns to
Its Original Pitch)

The book Liishi Chungiu = IRFEFK (239 BCE), based on the five 1{i given in the Guanzi,
continued to apply the sanfen sunyi method to produce the other seven /.
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@ Sanfen Sunyi =738 71 (one-third reduction and addition)
and huangzhong huanyuan v 8 i (Huangzhong Returns to
Its Original Pitch)

® The book Huainan Zi ¥ #5 T, edited by Liu An (179-122 BCE) of the Han
dynasty, established a separate /i number of 3% = 177,147 for huangzhong.
Then all other 11 pitches could expressed in round figures without using

decimal points or fractions.

® Later on, the Liishu 13 section of the Shiji 525C (‘Historical records') by
Sima Qian (ca.145- 89 BCE) adopted the form of fractions, which is similar
to that of the Greek Pythagorean tuning, which is why some scholars equate

the two.




@ Sanfen Sunyi —4y{Hiai (one-third reduction and addition)

and huangzhong huanyuan v$iE )i (Huangzhong Returns to

Its Original Pitch)

Chinese Method in Guangzi &-F, Method in shiji 525C | Method in Huainan Zi #F§ | Western Pitch
Pitch Names | and Lushi Hucnqiu 2 KF# | (Historical Records) ¥ (No Fraction) Name
¥ $Ehuangzhong |81 1 X 1 = 177, 147 C
%1 inzhong *2/3=54 2048/2187 177,147 X 4/3 =236, 196 g
KiFtaicu *4/3=72 8/9 236,196 X 2/3 = 157, 464 d
4 Hnanl *2/3=48 16384/19683 157,464 X 4/3 =209, 952 a
& Yeguxian *4/3= 64 64/81 209,952 X 2/3 = 139, 968 e
JE#yingzhong |64 * 2/3= 42.6667 131072/177147 139,968 X 4/3 = 186, 624 b
EZruibin 42.6667 * 4/3= 56.8889 512/729 186,624 X 2/3 = 124, 416 #
K dald 56.8889 * 4/3= 75.8519 2/3 124, 416x 4/3 = 165, 888 c*
FHlyize 75.8519 * 2/3= 50.5679 4076/6561 165, 888X 4/3 = 221, 184 g*
g jiazhong [ 50.5679 * 4/3= 67.4239 16/27 221,184 X 2/3 =141, 456 d#
fE Sfwuy i 67.4239 * 2/3= 44.9492 32768/59049 147,456 X 4/3 = 196, 608 a*
i /2 zhong 11 44,9492 * 4/3= 59.9323 128/234 196, 608 X 2/3 = 131,072 e
TE A qing [59.9323 * 2/3= 39.9549] b

huangzhong

(131,072 x4/3 =174, 762. 6667




@) Sanfen Sunyi —7r18 7 (one-third reduction and addition)
and huangzhong huanyuan ¥i8iid )b (Huangzhong Returns to
Its Original Pitch)
In fact, the Chinese method resulted in ascending perfect fifths and descending perfect fourths. The Pythagorean
tuning involves ascending perfect fifths or descending perfect fifths. So, six of the twelve /i between the two are

similar, while the other six are different.

lii produced by OTRA method Pythagorean method

twelve (i {ii number cent twelve fii lii number cent
Huangzhong (c) 1 0 c 1 0

Dalii (c*) T 114 db %5 90 |Zx
Taicu (d) ] 204 d ? 204
Jiazhong (4" 1838 318 b z 294 |£X
Guxian (¢) §i 408 e ﬁ 408
Loz 522 3 498 |ZX
Ruibin (%) L 612 g e 88 |
Linghong () : 702 g K 702

Yize (") o 816 ab S T R |+
Nanlii (2) $ 906 a 3 906

Wuyi (a") el 1020 bb e 99 |IX
Yingzhong (b) I 1110 b e 1110




¥ @ Sanfen Sunyi =4r{Hai (one-third reduction and addition)
12 and huangzhong huanyuan ¥ §ii )i (Huangzhong Returns to
L | Its Original Pitch)

The earliest theoretical account of Chinese music available in a European
language is written by the Jesuit Joseph Amiot in Bejing in 1776 and
published in Paris in 1780. Amiot considered that Chinese would have
had a scale closely resembling the Pythagorean one more than eleven
centuries before the birth of Pythagoras, and the Pythagorean claim for

the invention of this scale was nothing less than an “act of robbery.”




\\ @ Sanfen Sunyi =4y (one-third reduction and addition)
’ and huangzhong huanyuan ¥i8iie ;i (Huangzhong Returns to

Its Original Pitch)

® The noted Chinese historian Zhu Qianzhi (5ki$) considered the
Greek system was more advanced in utilizing string length to do the
calculation, while the original Chinese one was more primitive in
using pitch pipes. So the Chinese system probably somehow spread to
Greece and was developed there, but later on the Chinese learned
from the Greeks when realizing the limitations of the pitch pipes in
calculations.

® Joseph Needham, the author of Science and Civilization in China,
proposed that “the simplest alternative hypothesis for which good
reason can be found is that there radiated east and west from
Babylonia the germ of an acoustic discovery which was developed in
one way by the Greeks and in another by the Chinese...the
Babylonians, who had many highly developed stringed instruments,
would have made the observation.”




@ Sanfen Sunyi =418t (one-third reduction and addition)
and huangzhong huanyuan ¥i8iie ;i (Huangzhong Returns to
Its Original Pitch)

Musical Matters beyond the Practical Need

In ancient China, a year was divided into twelve lunar months, a day
into twelve double hours, and an octave into twelve notes. These
divisions were believed to be connected to societal order and rules.
But scholars discovered that the movement of heavenly bodies all
returned to their starting points, but a scale calculated using the sanfen
sunyi (or Pythagorean) method did not.



@ Sanfen Sunyi —4r187i (one-third reduction and addition)
and huangzhong huanyuan ¥ §iid ) (Huangzhong Returns to
Its Original Pitch)

B It was Jing Fang of the Han Dynasty (77-37 BC) who first discovered that the cycle of the
fifth did not return to the original huangzhong pitch as there was a discrepancy existing
between starting and the ending notes.

zhishi (B%) 177,147 x (3)* x (D7 = 174,7625;
discrepancy: 177,147 — 174,762% = 2,3845.

B In order to solve this problem, Jing Fang continued to use the sanfen sunyi method to produce
up to the sixty % in one octave. The number of the fifty-third i in his system is very close to
huangzhong, and this difference was called “one day” by Jing Fang, which was the

smallest comma that human being ever understood during that time.

O™ @ - =

3oy = 1938324566768[]]19895?’96?23}193423131 13834066 795298816
3.46150458655333 140457 TO6E350E11297 =~ 3.15 cents




@ Sanfen Sunyi =74y 4871 (one-third reduction and addition)
and huangzhong huanyuan vi$iid ju (Huangzhong Returns to
Its Original Pitch)

During the Renaissance in the 17t century, Nicholas Mercator (1620 —
1687), William Holder (1616-1698), and Issac Newton, (1643—1727)
also engaged in this area of research, and made similar discoveries. The
so-called “53-tone equal temperament” and “Mercator’s comma” were all
similar or identical discoveries to what Jing Fang had discovered more
than 1700 years earlier, which were all based on the same mathematical

formula.

OGN




@) Sanfen Sunyi — 4318 i (one-third reduction and addition)
and huangzhong huanyuan di$iiid 5 (Huangzhong Returns to

Its Original Pitch)
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By Wiciiam Horper, D. D. Fellow of - the Royal
Society, and late Sub-Dean of theit M A JEST Vs Chapef
Royal 5 iy p,0e : :

. "To'which is Added, by way'of sPPENDIX:
RULES for Plaggg u Thorow-Bafs ; with Variety

of Proper Leffons, and Exaa{gk: to Exphin the faid
RULES. Alfo Dire@ions for Tuning an Harpficbord or

‘Bythe“ late Mr. -Gon-rkg_r'i(n LLER.

With feveral new -Exampleg, which before were wan-
ting, the better-to explain fome Paflages in the for-’
‘mer Impreflions. : ‘

'i'ﬁe whole being Revis’d, and Corre@ed from manly

~grols Miftakes comenitted -in the firflt Fublication of

~ thdfe Rules, _
. . LoNDonw: ,
Printetl by W. PEArson, over againft Wright’s Coffeed

‘Houfe - in Alderfgare-fiveet ; for J. Wircox in Litsle Britain ;
wd T Ossgunn in Qe YR

- Of Proportion. 79
Interval ; let it be, How many are in Dig~
pafor ¢ Which muft be done iy multiply-
ing Comma’s, 7. e. adding them, till you
arrive at a Ration equal to OFave, (if that
be fought) viz. Duple: Or elfe by dividing
the Ration of Digpafon by that of a Com.
ma, and finding the Quotient ; which may
be ‘done by Logarithms. And herein I
-:?eer with fome Differences of Calcula-

ons, ' '

- Mz r s eNNuUs finds, by his Calculation
582 Comma’, and fomewgat more, in an
Uétave : But the late Nicholu Meyeator,
8 Modeft Perfon, and a Learned and Judi-
clous Mathematician, in a Manufcript of
his, of which I have had 2 Sight, makes
this Remark upon it; Ir felvends boe Pro-
blemate abesvat Mevfennus: And he, work-
ing by 3he Logarithms, finds out but 553
and a little more; and from thence has de.
duced an_ingenions Invention of finding
and applying a leaft- Common Meafure tg

all Harmonic Intervals, not precifely per- -

fe&, but very near it.

Surrosine 2 Comma to be - part of
Diapafon ; for better ‘Accommo ati%an ra-
ther than according to the true Partition
¥, which v he calls an Artificial Com ma,
Bot exalt, but differing from the true Na-

G tural

8o - Of Proportion.

tural Comma about % part of a Commas,
and +%+ of Diapafon (which 5 a Diffe-
rence imperceptible ) then the Intervals
within Diapafon will be meafur’d by Com-
ma’s according to the following Table ;
which you may prove by adding two, or,
three, or more of thefe Numbers of Com-
ma’s, to fee how they agree to conftitute
thofe Intervals, which they ought to make ;
and the like by fubftra&ing.

" Intervals 7| Intervals -
Comma. Ijgk: T L. 22
Diefis 2| Tritone 26
Semit. Minus 3|Semidiapente 27
Semit. Medium 4|52 31
Semit. Mafus 5|6 Mizor .36
Semit. Maxinus 6} 6% Mafor 39
Tore Minoy 8|7k Minor . 45
Torne Major 9|7t Major 43
34 Minor 14| 0 ave 53
39 Major 17 -

“ Turs Ithought fit, on this Occafion,
to impart to the Reader, having Leave fo
to do fram Mr. Mercatar’s Friend, to whom
he prefented the faid Manufcript. . -

H e & & I may advertife the -Reader, that
it is indifferent whether you compare the
- greates




@ Sanfen Sunyi —4r# i (one-third reduction and addition)
and huangzhong huanyuan vi$iiid ;i (Huangzhong Returns to
Its Original Pitch)

Issac Newton’s Manuscripts Preserved in Oxford
University’s Library




oy @ Just Intonation Theory in the West and Its Practice in China
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Before the end of the fifteenth century, a new type of monochord

division was becoming popular, namely, divisions based on both the
just fifth (2 : 3) and the just major third (4 :5). But the just
intonation was known to be an inappropriate as a tuning system for

keyboards.




O Just Intonation Theory in the West and Its Practice in China

However, modern Chinese musicological research discovered
that, the structure of the guqin zither, which was established in
Han and Wei periods (206 - 265 BCE), made the Just Intonation
possible in music practice since two thousand years ago,
although no historical literature ever mentioned this tuning
system because the sanfen sunyi was considered the only
authentic and classical tuning system in the country.




3 Just Intonation Theory in the West and Its Practice in China

The 13 inlays position of the instrument surface.

FINGEOARD

position marks (hui)

Marker position openstring 13 12 11 10 9 8 7 6 5 4 3 2 1

Length Ratio 1 78 5/ 4/5 3/4 28 35 12 25 13 14 1/5 1/6 18
Stoppedmotes 231 i 316] 386 498 | 702 _884 1200_ 1586__7_190” 2400 2786 3102 3600

(octavesrcduoed) 231 316 386 498 702 884 386 702 0 386 702 +0
3600 310 278 240 1902 786 1200 2786 1902 2400 2786 3102 3600

702 702 0 =0

The ratio of the string length marked by the 13 inlays, and the pitches generated by
the stopped and harmonic notes on a gugin.
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. g () Early Investigation of Equal Temperament: He Chengtian,
% & p’l(? “ Qian Yuesh, and Meantone Temperament
1

After Jing Fang's discovery, He Chengtian {a]i#>X (370-447) of the Song
Period of the Southern Dynasties advocated making internal adjustments to
the twelve /i, by dividing the difference of the diatonic comma into twelve

parts and adding each part to each of the /i numbers.




@ Early Investigation of Equal Temperament: He Chengtian,
Qian Yuesh, and Meantone Temperament

Comparision between He Chentian’s New Tuning System and Equal Temperament

Difference
| froen oqual
Name of fi ' Mcthod of calculating ‘new 4" | Cents | tempxrament
Huangthong <) | 177,147 + 0 = 177,147 0 | =0
Linzhong (g) 177,147 X § L4284 x f = 1182960 | 699.04 | - 0.96
Taicu (d) 7047 x4 x 3+ 2384 x ] =1s08600 | 119.55 | - 04
Nanli (3) 7047 x(F x 3+ 2384 x o =105572) | 896.06 | - 3.34
Guxian (c) 177,047 xR x @GP+ 2384) x o «140,762) | 398.02 | - 18
Yingthomg () | 177,147 x (Y xGF + 2,384) x f = 94305)i | 109144 | - ¥.56
Ruibin (") 177047 x () x@) + 23840 x b -1256080 | $95.22 | - 478
Dati (c") 77047 x () x@F + 2384 x ] =1672780 | 9. [ - 077
Yize (3") 77,047 x (B x @Y+ 2384) x § =1121815 | 790.93 | - 9.07
Jiathong (d" 77,047 x()* xGP + 2384) + | =1e92u4f; | 9673 [ - 307
Wuyi (a') 177,047 x (3 xGY ¢+ 2.384) x i} =100290li | 98491 | -15.07
Zhonghi () 7047 x 0P x(F_+ 23880 x U =132 [ 4287 | - 703
!uangzhong (c) 177,147 x_{i)’ x_(‘,)‘_'___+_ 2,384) {tlﬂ__-rl‘??.l-ﬂ 0 | =+




@) Early Investigation of Equal Temperament: He Chengtian,
Qian Yuesh, and Meantone Temperament

During the same period in Song Yuanjia JG 3 (424-453 CE) of
the Southern Dynasties, Qian Lezhi $%%% 2 continued to use
sanfen sunyi method to produce up to 360 /i in one octave based
on “Jing Fang's sixty /ii” theory. The final pitch of the 360 /i
was even closer to huangzhong's high octave. The distance is even

smaller than a schisma known later in the West.




(M Early Investigation of Equal Temperament: He Chengtian,

Qian Yuesh, and Meantone Temperament

Huainan zi (Efa¥)

Jing Fang R
¢. 45 B.C.
60- or 53-Division

¢. 122B.C.
Two-Digit Monochord
Pitch Name Pitch Cents
Chinese ~ Western ~ Value  Huai  Pythagor.
Huang Chung  C 81 0 0
Lin Chung G 54 702 702
Tai Ts'u D 72 204 204
Nan Lu A 48 900 906
Ku Hsi L 64 408 408
Ying Chung B 43* 1096 1110
Jui Pin F§ 57 608 612
Ta Li Cd 76 110 114
I Tsé G§ 51 801 816
Chia Chung D¢ 68 303 318
Wul A 45 1018 1020
Chung Li E§ 60 520 22
Huang Chung ¢ 1224

Step No.  Cenls
0 0
48 93.84
2 20391
50 297.75
4 407 82
52 501.66
47 591.88
I 701.96
49 795.80
3 905.86
31 999.70
5 1109.78
53 1203.62

He Chengtian fd&X  Qian Lezhi H/R<
370-447 A D. ¢.450 AD.
Linear Correction 360-Division
Tone Cents StepNo.  Cents
C 0 0 0
Ch 101 [54 101.07
D 200 255 198.53
D2 297 103 301.36
E 398 204 398.82
E§ 493 358 499 .89
F§ 596 133 §99.12
G 699 307 700.19
G 791 102 79941
A 897 256 900.48
A} 985 51 999,70
B 1091 205 1100.78
" 1200 306 1198.23



@ Early Investigation of Equal Temperament: He Chengtian,
Qian Yuesh, and Meantone lemperament

® After the Renaissance, the development of science and technology for musical instrument making
made people realize the problems in both the Pythagorean tuning and the Just Intonation. The
meantone temperament came into use.

® The name “meantone” was applied to this temperament because the tone, as C-D, is precisely
h &; half of the pure third, as C-E. One of the most famous applications using meantone temperament is

the work of The Well-Tempered Clavier, two sets of preludes and fugues in all 24 major and minor
keys for keyboard by Johann Sebastian Bach.

} Pitches
The Well Tempered Clavier, Tuning C D E F G A B C
Book One
Pythagorean 204 204 90 204 204 204 90
Just 204 182 112 204 182 204 112

Meantone-Tempered 193 193 117 193 193 193 117
Equal-Tempered 200 200 100 200 200 200 100




® Equal Temperament: Prince Zhu Zaiyu and Simon Stevin

The calculation of tempered intervals in the West was first LES
performed towards the end of the sixteenth century by the & U VR .E S
N o | Mathematiques
Dutch mathematician and engineer Simon Stevin (1548— pE
SIMON STEVIN dcBruges.
1620) . Ou font inferdes les

MEMOIRES MATHEMATIQVES,

a 1e Tres-haut8 Tres i ince Maurzcs
de Nas sau, Prince d'Aurenge, Gouverncur des Provinces des
Pais-bas unis, General par Mer & par Terre, c.

Stevin realized that the string lengths of an equal-tempered Letosyeven it gt

Par ALBERT G!R AR D Samiclois, Mathematicien.

monochord required root extraction. In this case, he used a
combination of one cube root and two square roots to

perform the extraction of

1;/3
5 A1




® Equal Temperament: Prince Zhu Zaiyu and Simon Stevin

® Meanwhile in China, by the sixteenth century, the Ming dynasty scientist Prince Zhu Zaiyu (1536-
1611) finally completed a mathematical calculation of the twelve-tone equal temperaments. He
called his method xinfa milii FriEZ5E=R (‘New method tight rate’).

B One-third reduction

) 500000000
3—w_m

749153538

B One-third addigion
4 100000000 100000000
7 — TT0000 S— 71015753

® Keeping the original sequence to produce /i, Zhu finally achieved the result of zhonglii returning to
the original starting huangzhong pitch.

ERRELLEA
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®) Equal Temperament: Prince Zhu Zaiyu and Simon Stevin

Comparasion between the results by Prince Zhu Zaiyu and Simon Stevin

| ¥
7 =1.059463094359295264561825
b = kb= 10000 - Selfone ¢ . . . . . . First
. 9438  Semitone . . . . . . Mil}or second
IF=%h | 1.000000000000000000000000 R
7936 Ditoe ". . . . .. . * Major third
{SRU3E | 1.059463094359295264561825 i Twowscinisa | Ged fowa
6674 'rhmeroném;diml% .. . Bifth-
=781 | 1.122462048309372981433533 6208  Fourtone . . . . . . Migor sixth
59:::1; ;::-Re-t?;e& soddalf ' iﬁ{?gﬁ iv“:nth
f=m58 | 1.189207115002721066717500 i el e e
L=
B30 | 1.259921049894873164767211 | | 1§ fmmisi - - Dutsb e
{=H558 | 1.334839854170034364830832 T e e ) how for b e (G ST AT Pytha-
et 1%5533:”:&213 e Fbamnn e Lbﬁuﬁiﬁf e
{Z3&r= | 1.414213562373095048801689 descnbed up to' the lh:ee tone-and ha]f -1uns sg:tfolluws o
{Z{h 3 | 1.498307076876681498799281
{255 | 1.587401051968199474751706
‘I:Em 1 .531 ?9233n5ﬂ?429086ﬂ62251 h;)ﬂdl:;gre table a mistake, 8404, has been corrected to 2405, The correct aumbers
{47 | 1.781797436280678609480452 eme
8909.0 70711 56123
f&X2 | 1.887748625363386993283826 16570 comes S0
{E=%h | 2.000000000000000000000000




®) Equal Temperament: Prince Zhu Zaiyu and Simon Stevin

Although the detailed mathematical process of how Zhu reached the xinfa mils #r
1255 2 by extracting the 12t square root of 2 is still not clear. We know that like
Stevin, Zhu also used the combination of a cube foot and two square roots in his

extraction.

The date of Zhu's preface to Liili Rongtong/3J& fifiill ("Harmonising the L 1581),
was February 6th 1581, which shows that Zhu completed his mathematical

calculation of the twelve-tone equal temperaments before that date.




® Equal Temperament: Prince Zhu Zaiyu and Simon Stevin

Zhu Zaiyu's equal temperament calculation yielded the first
mathematical realization of the 12-tone equal temperament in the world,
which is at least 4 years earlier than the similar work done by Simon
Stevin whose discovery, according to himself, was attributed to the
concept of “proportion” in the Dutch language which did not exist in
Greek. In Stevin’s treatise, he listed each interval from the pitches of
“first” to “double first” chromatically to finally equate each half step.

Nevertheless, in ancient China, the relationship between the central pitch
and others were deemed important, but the relationships among the
subordinating notes themselves were not, and concept of interval is
vague.




M Joseph Needham speculated that Zhu's discovery might
have spread to the West before Stevin’s work did,
probably even by word of mouth from a traveler. But it
is doubtful given the different motivations and
approaches betwen the two of them as | mentioned

befoare.

B Nevertheless, although Zhu and Stevin's research were
completed in the opposite sides of the world, it reflected
the tireless human endeavors in this interdisciplinary

field of research between art and science.




Summary

The research of the mathematical and acoustic laws in music were systematically

recorded in official histories in ancient China, where scientists and music scholars

continued to resolve the problem of how to close the cycle of the fifth caused by the
“diatonic comma” or “Pythagorean Comma” on metaphysical level.

From any monographs on the history of music theory today, we would glean the work
by scientists who made outstanding contributions resolving some of the music
problems of the past. By inheriting the ancient scholastic tradition of integrating
knowledge learning in both Art and Science, we could revitalize tremendous human
creativity in the new age of the 21st century, and spartk a new phenomen in our
education, technology, artistic creativity, and entrepreneurial industries.



Thank you
very Much!



